Lecture #2 


(aka the Fart Lecture) THE GAS WE PASS 
* Part 1: Basic C++ Concepts 
— Constructors 
— Destructors 


— Class Composition 
— Composition with Initializer Lists 
* Part 2: On-your-own Study Topics 


* Learning how to use the Visual C++/Xcode debuggers 
A few final topics you need to know to do Project £1 


NOTE: I will be teaching class on Friday during your normal 
discussion sections. Please plan to attend (it won't be a 
regular discussion section - it’ll be CLASS)! 


Go to our regular Zoom link for class! 


Meme, anyone? 


` E 
i "Mw 


Python is is 


s zd VA v 


Constructors and Destructors 
What’s the big picture? 


A constructor function is used to reset an 
object’s member variables when the object is 


YW) 
O| first created; otherwise they'd be random! 
3 class SomeClass 1 
a public: 
O void blah() { cout << v; } // random 
a value! 
private: 

int v; // uninitialized if no constructor! 
" An object will often reserve memory slots 
2 from the operating system while it runs. 
2 A destructor function guarantees that reserved 
D memory is freed when an object goes away. 
O 


If you don’t free this memory, your program 
will eventually run out of memory and crash. 


l € 
Constructor Basics ^ 


class Gassy Here's our Gassy class.... 


i E It represents gassy people. 
public: 


Gassy(int age, bool ateBeans) Our Gassy class has a 
{ constructor that takes 
mage ee two parameters to 

m ateBeans = ateBeans; initialize it 
} If a constructor has 
int getFartsPerHr() parameters, then you 
i must pass values in to 
if(m ateBeans -- true) thee 


return(100); 


* a 
: return(3 * m age); mera 


{ 


greet Gassy betty(18,true); 


bool m ateBeans; Gassy alan; // error! 
u ) 


structor 
asics 


Your class can have 
many different 
constructors... 


class Gassy 


i 
public: 


Gassy(jnt age, bool ateBeans] 


goes to this constructor, 
since it has matenmg 


goes to this 


constructor, | | 
since it The only requirement is 
requires no that each one has 


different parameters 
and/or types. 
This is called 
constructor overloading. 


This variable 
and this 
initialization... 


parameters. 

if(m ateBeans -- true 
return(100); 

return(3 * m age); 


betty(18.true): 
// OK!!! 


private: 
int m age; 
bool m ateBeans; 


Gassy alan; 


D ) 


Constructor 


If you don’t define any 
constructors at all... 


class Gassy 


i 
public: 


GatsyexFAfKtseeerHa (9d by compiler 
1 


Then C++ generates an 
implicit, default constructor 
for you. 

Why would it do this? Well, 
we'll see why in a bit. [] 


AA (hh danBbahsit-prtmue)ive member 
/ / re&üral(l69);So be careful!!! 
) return(3 * m age); 
} But this default constructor 
won't initialize your object’s 
primitive member 


variables! 
So be careful! 


private: 
int m_age; 
bool m_ateBeans; 


PT 


Primitive variables 
include native C++ 
types like int, float, 
double, bool, etc. 


These variables 
have random valu 


Non-primitives 
include string, 


'erHr(); //?? 


VVITICTT NVCUIISUI UL 
Callec 


A constructor is called 
any time you create a 
new variable of a class. 


Int main() 


{ 


A constructor is called N 
times (once for each 
array element) when 

you create an array of 


Gassy carey(45,false), bill; 


Gassy arr[52]; 


A constructor is called 
when you use new to 
dynamically allocate a 
new variable. 


Gassy *ptr = new Gassy(1,false 


for (int i20; i < 10; ++i) 1 
Gassy temp; 


If a variable is declared 
in a loop, it is newly 
constructed during 

EVERY iteration! 


Gassy *justAPtr; The constructor is not called when 
} you just define a pointer variable! 


And now it's time for... Sinclude /*!1TAB-41*/«stdio.h» 


#include /*((IOCCC2))*/«SDL.h» 
#define b/*((IOCCC257))*/ if ( 
$define a(b, c) for (b = 0 ; /*IOCCC/2014*/b«d; b**,c) 
u e,h,f,g,i,j],k,l,m,n,o,p*1,*q,r,s8-5, t,*u,xX,y,2,A,B, Cl 
333*7],d-333; D,E,F,G [2 ],H, I, J, K, L, M,N- 1,0,P,0 
Figure out a Ex 3 
SDL Surface*U,* V; int*W( x 
)( u*C*X *7; b*u)( utt; x *u[0]; y-u[1 
]; H-u [2]; 2 ^(H*8) * 


i; A-( H/B)*i ; B-u[ 3 
W )/**/; return u; 3 } return 
0; t-1 


0; } Y ()( 0-50; r= 


bg qx m, h,0)/**/ {q fea/ 
return W(X)&&B&&(m« x*i&k&n 
O u SC a e y*i&&xcm*ik& y*n*o); ) int*ba(int*u)( int X 
.*bb-C; a(x, bb*t-7)( b!*bb)( *bb-1; R 
“bb *1; H*6; while(H--)*R**e*uüu**; /*W 


N 
| E 
program does! : 
*/return bb; ) } return 0; ) bc(e)( q[2]=e; } bd 
(be,bf)( int X,bg; m*-be; n*-bf; I-e 
-i; mem«0?0:(m»I?I:m); a(X,0)( b 2(X 
7™,N,0)){ bg-B&1; b D&&bg) continue; 
m-“be; n--bf; b B&B)( u[-1]-0; j=l; bc(8); b 8532)( n-- i; 
o-i*2; ) ) b B&16&&!0)( bc(32*(0»128:0)); Y(); u[- 1]*0; } 
b(B&128&&bf&&s«0)||(B&64))u[-1]-0; b bg&&!O)( b bf&&s »0)( 
u[2]--; u(3]*bf-0; s--6; ) else ( b j)( bc(0); b o»i) nt-o-i; D-30; j-0; 
} else ( bc(24); Y(); L--1; ) ) ) b B&4)( b bf&&s«0)( int I[]-( x,y-i,u[ 
5],u[4],rànd()*2?1:-1,2) ; u[2]**; u[3]-2; ba(I); ) ) b bf)s-1; break; ) 


H ) bh (m,e,k, bi)( H=k/ 2; G[bi]*m»e-H? x 
- e: (m>H?H-m:0 ); ) bj(X,be ,bf)( int bk 3 
u [0]*-be; u[1 ]t-bf; W(X); E*x,F*-y,I-0; a 
{ bk,0)( b I-(X! -bX&&Z(bXk,E,F,1]&&(B&6 ) 
) )break; } W(X); b I){ b bf)u[1]--bf; b 
be )( w[0]--be; u[4]*--1*be; ) } W( X); ) 
bl ()( int bm-n,X; SDL FillRect(U,0,M); X=4; while( x 
-- Jbd(r,0); X-3; while(X--)bd(0,8]); b n»h&&!O)Y () ; 
t *bx--n; q[0]*m; q[1]*n; bh(m,e,k,0); bh(n,h,1,1) ; 
&(X,0)( b W(X))( b B&9)( bj(X,u[4], 0}; bj(X,0,2); } b B&1)( *u teu[d]; b 
**u[5]220)( u[4]*- -1; u[5]*0; ) z*-K 
13221:0; ) J-i; ba --u)( J*0; b!O)( b 
r)z*t*1*(K*2]; bit) 2-48; z*-pc02i*4:0 
7 D obat-u| [1 (D&& 0--D33))( SDL Rect 
bn={ 2,A,i,J) ,bo- ( G[0] *x,G[1]*y, i, 
J}; SDL BlitSurface (V,&bn,U,&bo); ) } 
} b(st-2)22)s8-2; K t+; D--D?1:0; b O) 
b!-- 0) exit(L); } bp(X)( return strtol 
(T[X],0,0); } baint H , int*br,int bs ){ int bt; 
bt-Q-P; b bt»bs) bt- bs; SDL MixAudio(br,S *P,bt, 
128); Pt-bt; b P»-Q)P-0; ) SDL AudioSpec bu-(8000 
,8,1,0,256,0,0,bc} ,bv ; main(int bw,char**bx)( T 
bx; int by,H-255, bz-H««B ,bÀ -bz <<B,bB= bA««8, 
bC-bp(5),bD-bp(6); SDL Event bE; o «i= bc / B; k = bp(1) 
,l-bp(2),e-bp(3),h  -bp (4); M= bp(9); /**/  SDL Init(/*«2053"*/ 
Oxffff ); b!*(char*) &N)( H-bB; bz «bA; bA =b2>>B; 
b3-255 ; ) U*SDL_SetVideoMode(x,1,0,0); V=/*NES HISTORY 
SANDRO */ SDL_CreateRGBSurface(1 ««15 , bC, bD, 32,H,bz 
,bA,bB); fread(V-> pixels,bC*bD*4,1,fopen(T [7], "r" )); SDL_OpenAudio(& 
bu,0); SDL LoadWAV  (T[8],& bv,&S,&Q ); /**/ “SDL PauseAudio(0); 
for(; ; )( int u[6 ],*I; B -0 ; whil (H < 6) scanf(/*0*/ 
**d ", utltt*); b u[5]< O)break 7 I=ba( 
u)j;blu  [3])( q4 =I+l; m — -u[O0 ]; n-u[1]; 
}} for (33 MH while/* IMAFFIO DO.S*/( 
SDL PollEvent(&bE) ) { by“ bE.type ==3; b!O &&(by|| bE. 
type--2))( I = bE. key/**/ .Xeysym «sym; b I-- 276)r- 
by20:(p--1); b I-- 275 )r- by?0:(p <1); b I--32)by? 


0:(t?(s--9):0); b I--27)exit(0); ) ) bi(); SDL Flip(U); SDL Delay(60); ) } 


Destructors 


Just as every class has a constructor, every class also has a 
destructor function (it may have only one of these). 


The job of the destructor is to de-initialize or destruct 
a class variable when it goes away. 


Here's how we define a destructor for our class... 


Destructors must NOT 
have any parameters. 


name of the class. 


class Gassy 


i 
public: 


It looks just like a 
constructor function 


for ybumt des& ricatu 
// code goeSphéféttt! 


Destructors must NOT 
return a value either. 


Destructors 


If you don’t define your own 
destructor for a class... 


class Gassy 


{ 
public: 


ee Then C++ will define an 


m age = 0; implicit one for you... 
m ateBeans - false; 

} This ensures that objects of 
your class properly go 
away when they go out of 
if(m ateBeans == true) scope. 

return(100) ; 
return(3 * m_age); 


int getNerdScore() 
i 


} 

prdasayé) // generated by compiler 
{int m age; 

bool m ateBeans; 


}; 


Why Do We Neer 
Destructor: We reserve LOOMB 


of disk space when 
we construct a new 
Spotify object. 


class SpotifyPlayer 
{ 


public: 
SpotifyPlayer() 
{ 
// Reserve 100MB of disk space 


temporarily 
// cache downloaded MP3 muSic files. 


reserveSpaceOnDisk(100000000); 
} 
void playSong(string songURL 
i 
So every time we 
create a new object, 
we waste another 


But nothing in our 
class ever frees 
this disk space! 


to reserved space on 


«T int main() 
:i1 


// Obsessively play k-pop music! 

| —>for (int i = 0; i < 100; ++i) 
InReservedSpace! { | +BOOMB 

—» SpotifyPlayer a; 

— 
a.playSong("http://spotify.com/dad.mp3"); 


Y: Y 


Why Do We Need 
class SpotifyPlayer Dest ru cto [ 


public: 
SpotifyPlayer() 
{ 


Now every time we 
construct we 
reserve LOOMB... 

// Reserve 100MB of disk space 

temporarily 

// cache downloaded MP3 music files. 
reserveSpaceOnDisk(100000000); 


gar 3 String songURL) 


/ ee the reserved 
JL First download senso reser 
disk. int main() 

downloadMP3ToReservedS ( 


// Then play the song th; // Obsessively play k-pop music! 


And every time we 
destruct we free 
our LOOMB! 


— LS 
Ol 


spg 


disk. for (inti = 0; i < 100; ++i) 
playMP3InReservedSpace| { +100MB 
— SpotifyPlayer a; 
— 


-e-playSong(“http://spotify.com/dad.mp3”); 
} 


Y: Y 


When must you have a destructor? 


Any time a class Your class must have 
allocates a system a destructor that... 
resource... 
Reserves memory using Frees the allocated memory 
the new command with the de/ete command 
Opens a disk file Closes the disk file 
Connects to another computer Disconnects from the 
over the network other computer 


Don't forget or you'll FAIL! 


Dest 


So when is a destructor cal 


Local objects defined in a function 
are destructed when they 
“go out of scope.” 


void Dingleberry() 


SomeClass a; 


Local variables defined in a block 
are destructed when the block 
finishes. 


for (int j20;j« 10;] - 
{ 
SomeClass b; 
// do something 


} +—b’s destructor is called each time we hit the end of the block 


Dynamically 
allocated variables 

(e.g., allocated using 
delete m; <—m’s destructor is called here the new command) 


(if you don't use delete, m's d'tor is never are destructed when 
called - not even when the program ends?) delete is called, 


} ——— a's destructor is called here before the memory is 
actually freed by the 


MP3Player *m = new MP3Playes 
m->getSong(“www.music.com/x.wav 
m->playSong(); 


Finally, when you define an array 
of N items, the destructor is called 


void Dingleberry() 


SomeClass a; 
SomeClass x[42] 


r 


for (int j=0;j<10;j++) 
{ 


SomeClass b; 
// do something 


} 


MP3Player *m = new MP3Player; 
m->getSong(“www.music.com/x.wav”); 
m->playSong(); 

delete m; 


} 
"~ The destructor is called 42 times for x here! 


Can you guess? 
Programming Language Inventor 
Or 


Serial Killer 


See if you can guess who uses a keyboard 
and who uses a chainsaw! 


Philip Wadler. He invented the “Haskell” language. 


Class Composition 
What’s the big picture? 


Class composition is when a class 
contains one or more member 
variables that are also classes. 


class Player { The important thing to 
"d watch out for in the 
H next set of slides is the 
class Enemy { process/syntax C++ 
“is uses to initialize these 
) member variables. 
class VideoGame { 


private: 

Player user hero; Class 
Enemy enemies[10 Composition 
le 


claccacl 


class Stomach { VIGO 


public: 
Stomach() { myGas = 0; } Col | iposition 
| i So how does construction 
void eat() { myGas ++; } 
i work when we use class 


}; e 
l Let's OSP ARTES Classes... 
class Brain { 

Eas COMPOSITION 
a E L ed CONSTRUCTION RULE: 
void think() { mylQ += 10; } ' 

«1885 C++ always constructs 
}; : . 
member variables first. 
class HungryNerd { 

public: Then C++ constructs the 
HungryNerd( overall/outer object last. 
{ 

myBelly.eat(); constructor: 
myBrain.think(); 

private: 


Stomach myBelly 
Brain myBrain; 
}; 


class Stomach l 
How does this actually work? 


public: 
— 
I When an outer object contains 
D member objects... 
" C++ secretly adds code to the 


outer class's constructor to FIRST 


class Brain ( 
call the DEFAULT constructors of all 


public: 
— Brain() 00; ) 
i i : the member objects... 
b EU rare And then AFTER they’re 
}; Yd, C++ runs the body 
class HungryNerd { This code is er object's constructor. 
public: automagically added by 


> HungryNerd() | 


"€ all ‘S C 
> myBrain.thinki 
zh. 
private: 
stomach myBelly; 

Brain myBrain; 


myBelly 
myBrain 


int main() 
1 


* HungryNerd carey; 
) 


class Stomach { 

public: 
Stomach() ( myGas = 0; } 
void eat() { myGas ++; } 

+; ~Stomach() { cout << “Fart!\ 
n”; 

class Brain { 

public: 
Brain() { myIQ = 100; } 
void think() { mylQ += 10; } 

y ~Brain() { cout << “Argh!\ 


clas 'HungryNerd { 
public: 


>~HungryNerd() 
{ 


myBelly.eat(); 
myBrain.think(); 
thought 


Ee mach myBelly; 
Brain myBrain 


OK, what about destruction? 


At the time when our object (carey) 
goes out of scope, C++ 
automatically calls its destructor. 


DESTRUCTION RULE: 


C++ always runs the outer class’s 
destructor first. 


Then C++ runs the destructors of 
the member variables (in reverse 
order). 


class Stomach { 
public: 
Stomach() { myGas = 0; } 
void eat() { myGas++;} 7% 
7 ~Stomach() { cout << “Fart!\ 
n”; 
class om { 
public: 
Brain() { mylQ = 100; } 
void think() { mylQ += 10;4 


77 ~Brain() { cout << “Argh!\ 


cla8s ‘HUngryNerd { 

public: 

>~HungryNerd() 
{ 


— myBelly.eat(); nen 

— myBrain.think c | 

^"thouan 

cA — 

Call ‘s destructe 

Brain myBrain; 

| myBelly 
myBrain 


How does this actually work? 


C++ secretly adds code to the END 
of the outer destructor to call the 
member objects’ destructors. 


he outer destructor runs first - it can 
still use all of its member variables! 


hen C++ calls the d’tors of the inner 
objects (reverse order of construction). 


And of course, If an embedded 
object has | ‘Wn embedded 
object(s), this process IS repeated. 


Multi-level Composition Construction/Destruction 


class Food 


{ 
public: 
Food() e» } 


n ~Food() e ) 


class Stomach 


RUE 2 
Stomach() eF 

~Stomach() m 
private: 


Food  myFood; 
y 


class Nerd 
{ 


public: 
Nerd() 8 } 
~Nerd() a} 


private: 
Stomach myStomach; 


Here’s the order the c’tors will 
run for three levels of 


And herclasses order the 
destructors will run... 


david s 


myStomach 


Back to Auto-generated Constructors and 
Destructors 


class HungryNerd 
{ 
public: 


unay 


myBelly.eat(); // mmmm 


yHyaggyNerd() // implicitly added by compiler 


27 ap Belly; 


rain myBrain; 
Call myBrain‘s destructor 
Call myBelly‘s destructor 


Back to Auto-generated Constructors and 
Destructors 


class HungryNerd 


{ 
public: 


INO NETO implici added f 
Call myBelly's default constructor 
Call myBrain's default constructor 


This implicitly added 
constructor... 


Just be careful! 


Remember, that the auto- 
added default 
woN PRESE your 
primitive member 
variables! 


So if your class has any 
primitivesfints, bools, 
floatszdoubles, etc.) you 
Should define your own 


constructor and initialize 
thami 


cout << “Happy “ << myAge << 
} - “'th birthday!”; 


private: 


Advanced Class 
Composition 


Of course, things are never quite so simple... 


Let’s look at a slightly more complex 
class composition example. 


Let’s change the constructor of our Stomach class so 
it REQUIRES the user to specify the amount of gas 
each stomach starts with. 


Ok, SO now our 
u ryy| Stomach constr 
Si | REQUIRES us 
pass in a value 


And here's how we 
create a new Stomach 
variable... 


Stomach a(5); // 5 farts 


7 


a.eat(); //6 farts 


Now, what happens if we want to use our 
new Stomach class in our HungryNerd 
class? 


Aavanced Class 
it: Aue 


class HungryNerd 


lass Stomach 
{ 


public: 
Stomach(int startGas) 

{ 
myGas = startGas; 


public: 
HungryNerd() 
{ 


myBelly.eat(); 


} myBrain.think(); 


~Stomach() { cout << "Fart'An"; 


private: 
Stomach myBelly; 
Brain myBrain; 


LH 


Will our HungryNerd class still compile? 


NO! 


Because our new Stomach 
class REQUIRES you to pass 
a value in to its 


lass Stomach 


( 


public: 
Stomach(int startGas) 
1 
myGas - startGas; 
} 
~Stomach() { cout << “Fart!\n”; 
{ myGas ++; } 


But our auto-generated 
C++ code always calls 
the default constructor, 


But our Stomach class 

doesn’t have a default 
(parameter-less) 

constructor anymore! 


So this results in a C++ compilation error! 


A 0 And pass in a value so it Well, our HungryNerd 
can be properly constructor needs to 
constructed! somehow explicitly call 
lass Stomach myBelly’s constructor... 
{ 


public: 


Stomach(int startGas) HungryNerd() 


t r 
myGas = startGas: Call myBelly 5 default constructor 
} Call myBrain‘s default constructo 


{ 
~Stomach() { cout << “Fart!\n”; myBelly.eat(); 
myBrain.think(); 


private: 
Stomach myBelly; 
Brain myBrain; 


J 


Ok, so how can we fix our HungryNerd class so 
it works with our new Stomach class? 


whose constructor 


e no longer going to 
iege 


C++ call myBelly's 
ault constructor for 


ass HungryNerd 


IC: This is called an 


myBelly.eat(); 
myBrain.think(); 


Stomach(int startGas) 
{ 


myGas = startGas; 
} 


~Stomach() { cout << "Fart'An"; 
void eat() { myGas ++; } 


private: 
Stomach myBelly; 
Brain myBrai 


Instead, we'll add our own 1 
+ code to explicitly call 


myBelly's constructor with a y; 


We use it to initialize 
an embedded object... 


Alright, let's see the 
"exciting" C++ 
syntax! 


Advanced Class 


You must add an 
initializer list to a// of 
your outer class’s 


The initializer list sits constructor(s). 


between the constructor’s 
prototype 


myGas = start du i 


} 
~Stomach() { cout << "Fart'An"; 
void eat() { myGas ++; } 


It starts with a colon, 
followed by one or m 
member variables 
s rs 


in parentheses. 


Any time you have a 
member variable (e.g., 
myBelly) that requires a 
parameter for 


This line calls 
myBelly’s constructor 
with a parameter 


| class Brain 
{ 

public: 
—*Brain() ( mylQ = 100; } 
void think() { mylQ += 10; } 


myBelly.eat(); 
myBrain.think(); 


Of course, C++ is still 
happy to implicitly 
construct any embedded 
objects with default 


private 


Finally, once all of our 
Stome 


embedded objects have 
been constructed, C++ will 
run the outer constructor's 


HungryNerd us Us) 
and — HungryNerd carey; 
Stomach 
classes in 


Artinanl 


public: 
—.Brain() { mylQ = 100; } 


priva So now our” 


Finally, once all o 
embedded objects have 
Clas, been constructed, C++ will 


1 run the outer constructor's 
publi Bech! 
—* Brain(int startlQ) 

— mylQ = startlQ; n 
—1 


void think() { mylQ += 10; } 
ur 


Our new initializer list 
explicitly calls both 
Stomach's and Brain's 
constructors with 

Dalaq 


void think() { mylQ += 10; } 


We just separate each 
member object and its 
parameters with a 


to the default 


longer work! 


So C++’s implicit call 


constructor will no 


int main() 


{ 


—>HungryNerd carey; 


Initializer Lists 


If you like, you may also use the initializer list 
to initialize your primitive member variables too. 


You may do it here in 
your initializer list... 


class HungryNerd 


i 
public: 


HungryNerd() 
: myBelly(10), myBrain(150), 
i 


Feel free to use the 
initializer list for 
arimitives if you 


myBelly.eat(); 
; myAge = 19; This will initialize your 
primitive variable(s) 
before the body of your 
constructor runs. 


private: 
Belly myBell 
Brain myBrai 
int myAge; 


Instead of initializing your 
primitive variables here 
in your constructor 


P 


Advanced Clas 


We don’t need to have 


constants here! 
lass Stomach 


( 


public: 


—>Stomach(int startGas) 
{ 


— myGas = startGas; 


—>} 
~Stomach() { cour xd 
void eat() ( myd Now we'll initialize our 
private: myBelly member with 
whatever the user passes in 
H 


to is Le 


Finally, there's 
no reason why 


the parameters 
to your initializer 
list have to be 
constants... 


int main() 


carey ( 


—» HungryNerd carey{35); 


A Few Final Topics 


Let's talk about four final topics that you'll need in 
order to solve your Project #1... 


Debugging 


SPENT 54 HOURS 
DEBUGGING P1 


Learning to Use the C++ Debugger 
What’s the big picture? 


Visual Studio/Xcode debuggers help you 
find bugs 10x faster! 


You can trace programs line-by-line and see 
the value of every variable (like we do in 
i l 


iDwee|S2.i> alo mls 
1 Process: | [3988] testl.exe 7| Thread: Main Thread 


Solution E 


Global Scope) BENED =| 9 maino 


lenci 


Value 
xelmain) Line 9 


artup() Line 
upO Line 371 


Output 


Ready 


It takes about 10 mins to learn how the Visual 
Studio/Xcode debuggers work, so get going! 


Debugging 


By default, Visual Studio compiles all programs in “debug 
mode” so you can use the debugger with them right away. 


File Edit View Project Debug Tools Window Help 
fa d Sid ii| & ca | - 9 ~| b [Debug - || win32 
Ini X ae |S 2S 


(| 2/6) 
od Solution 'test1' (1 proj 
4 Witest1 
> (gii External Depenc 
Header Files 
Resource Files 
4 (& Source Files 
€] test.cpp 


(Global Scope) M 


Hint main() 
1 
int a - 10; 


When you compile your 
program, you should see 
"Configuration: Debug 
Win32" in the Output 
window. 


int b= 5 * a4 42; 


cout << "The result is " << b << endl; 


Output 


Show output from: | Build -|| 33 


test.cpp 
testl.vcxproj -> C:\Users\Carey Nachenberg\temp\test1\Debug 
========== Build: 1 succeeded, 0 failed, 0 up-to-date, 0 T2222222-2- 


Debugging 


You can run your program from start to finish by hitting either 
F5 or Ctrl-F5. 


The result is 92 If you run your program by 
= hitting F5, Visual Studio will 
immediately close the debug 
window after your program 
finishes. 


bees tai Kes i continue . . . If you run by hitting Ctrl-F5, 
Visual Studio will print 
“Press any key to continue...” 
and leave the debug window on 
the screen when your program 
completes. 


You'll see this little yellow 
arrow next to the first line 


You can step through your pra of your program. 


the F10 a 


The arrow points to the line 
of code that's ABOUT to 
To start your 
program and debug 
one line at a time, 
hit F10 after you 
finish compiling it. 


Also notice that variable b 
is now active. 


File Edit View Project Debug Tools Window Help 
Pdal-cd-72 d BiX-a3i9-C-|b Debu 
PO R/S 2 LEP a | > 5C a | Hex 


~| Thread: | (39921 


Solution Explorer vax Jtestepp x | 
ala lE (Global Scope) 


od Solution ‘test1' (1 project) Jint main() 
4 Witestl { 


i Process: [3988] testlexe — 


Since we haven't run the 


current line of code yet to 
To run the current line Bagues int a = 105 initialize its value, it is 
of code, hit F10 or "Tr m currently random. 


F 1 T € test.cpp cout «« "The result 


Let's do that now 
estl.exe!lmain( Line 9 +4) 
testlexe! tmainCRTStartup() Line 555 + 0x19 bytes |C |= 
testl.exe!mainCRTStartup() Line 371 c 
kernel32.dll!761133aa 

l e incorrect and/or missing, no sy 


10 
-858993460 


Let's hit F10 again 
and trace over 
another line. 


&] Autos Gf Locals - Threa... 


Debugging 


You can step through your program one line at a time using 
the F10 and F11 keys. 


Let's hit F10 again [m 


-— "Tego Now variable b has changed 
and trace over MM as well and, as such, its new 
another line. CETL 2s)? ema ae 3| value is highlighted in red. 

i Process: | [3988] testl.exe M read: A ON 

If you want to watch EMME 


i (fa) Es 
other variables or m 


2d Solution 'test1' (1 project) 
‘J 4 [itestl 
ex p res S | O n S , yo u C a n & External Dependencil 


L Header Files 


do that In the Ga Resource Files 


4 l3 Source Files 


"watch" sub-window. "NN 


8 '| C:\Users\Carey Nachenberg\temp\test1\De... | =O 


Deb c has a value of: 10 


The F10 and F11 keys actually 
do slightly different things... 


Notice that Visual Studio ran 
the entire foo() function 
from start to finish... 


If you hit F10 while 
on a function call 
line, Visual Studio 
will run the entire 

function in one 
step. You won't be 
able to trace line- 
by-line through it. 


E test1 (Debugging) - Microsoft Visual C++ 20 


File Edit View Project Debug 
a i e à gx: T 
iC) ah ae ea a | > Se Ge | Hex 

Í Process: | [3916] testl.exe ~| Thread: | [3344] Ma 


Let's imagine we've been 
tracing a program and are 
about to execute this line: 


Solution Explorer vax 


sd |» | EJ 
od Solution 'test1' (1 project 
4 Mtestl 
fa External Dependencii 
L Header Files 
LE Resource Files 
4 |& Source Files 
©] test.cpp 


This is what 


you'd see 
So F10 lets you 


quickly run a line 
of code without 
delving into the 


id ncorrect a nissing, no s 
d eta | Is E m rE SJ Autos EAEG Threads $ Modu... f Watch... EE Ca I em ck LG Tue ints E Ou Tum ut 
LI 


Name 
=| testl.exe!main() Line 16 C*4- 
testlexe! tmainCRTStartup( Line 555 + 0x19 bytes |C [ 
teste) exe!mai mcs) Line 371 € 


a ' C\Users\Carey Nachenberg\temp\test1\Debug\... |-— E eS 


Debi has a value of: 10 ^ 


If you hit while 
on a function call 
line, Visual Studio 
will let you step 
into that function 
and trace through 
it a line at a time. 


" 
bl testi (Debugging) - Microsoft Visual C++ 2010 Express 


File Edit View Project Debug Tools Window Help 
"d uddi&-aA|o- > a - IU 2 
DC sea |S LI b a | > Sle | Hex |(À- S 
~| Thread: | [2248] Main Thread 


: Process: | [3140] testl.exe 


MESE SE testcpp x 


Solution Explorer 
ala |E 


| Solution 'test1' (1 projecp 


(Global Scope) 


-void foo() 


int*c;= 18; 
cout «« "c has a value of: " «« c «« endl; 


And then we 
hit 

This is what 
you'd see 


“lint main() 


t z 30: 


So lets you 


iya rali sor has oe 
CHARA KEG Re | rp 


Name 


foo(); 
cout «« "a has a 


themed brit Ne Ru trace 
thlibegastwedlde too (by 
hitting F10 Or [- 11. FA Locals El Threads. EB Modu... NC 


—testl.exe!main() Line 16 3 
testlexe! tmainCRTStartup( Line 555 + 0x19 bytes |C 
testl.exe!mainCRTStartup() Line 371 C 
kernel32.dll!761133aa 


Col 16 


O C 
| C:\Users\Carey Nachenberg\temp\test1\Debug\... 


has a value of: 10 ^ 
Deb has a value of: 10 = 


If at any time while 
you’re tracing 
line-by-line you 

want to stop tracing 


osoft Visual C++ 2010 Expres 


File Edit View Project Debug Help 


line-by-line... 


b | Debug 


And your output window will 
immediately disappear after 
the program finishes 
running. 


And simply le 
rest of yo 
program r 
normally.s 


XOQJOO |. 2x. 


Blue of: " << c << endl; 


Jint main() 


int a = 10; 


Just hit F5 
and Visual Studio 
will run your 
program until 
completion! 


foo(); 
cout «« "a has a value of: " «« a «« endl; 


Visual Studio will run my 
program until completion 
without any more stepping. 


|J. Oh, and you can add as many 
breakpoints as you like... Not 


Your program will run until it 
hits the breakpoint. 


File Edit View Project Debug Too 


Then the debugger st» = 
the program and lets pas ees 
trace line-by-line.. 


Or if you like, hit F5 a 
and your program wil 
until it hits the break 


-| | Win32 


= ow 


W Solution Explo.. ~ 4 X 
S AEs 
= Solution 'test1' (1 proj 
4 [testi 
idi External Depenc 
Header Files 


XOqJ00] ax 


SUING 1usuin2o. 


L@ Resource Files for (i = 0;1«10000000; i++) 
4 Œ Source Files doSomething(); 
€ test.cpp 
double z - cos(10.0) / atan(20.0); 
cout «« "The value is: " «« z «« endl; 


reach the likely a . : 
location of a bug. | | Mae 


Show output from: | Build “la lw >| x| 


Build started: Project: test1, Configuration: Debug Win32 ------ 
What should you ped 


E ok vcxproj -> C: wip s\Carey Nachenberg\temp\test1\Debug\test1.exe 
do? == = Build: 1 succeeded, @ failed, 0 up-to-date, @ skipped 


Answer: 
Create a 
breakpoint! 


Build succeeded 


Go to the line where you'd like to start 
debugging and hit the F9 key. 


Then just hit the F5 key (not Ctrl-F5) to 
run your program until it reaches that 


Debugging with Xcode 


The SUPERIOR IDE [] 


(Xcode debugging slides 
graciously created by Devan 


Debugging with Xcode 


This is Xcode’s code editor. Xcode is an IDE created by Apple, 
specifically for iOS, macOS, tvOS, and watchOS development, 
but it also comes fully loaded with C and C++ support. 


ese > Mi cs..o ) E) MyMac — cs32 lecture2 demo | Build Succeeded = Q e EJit [ 
( 


main(int argc, const char * argv[]) 


The "Auto" means that the 
sub-window will 
automatically track and 
show new variables. 


As well as an empty 
variable “watcher”. 


g debug output 
window... 


All Output > 


Debugging with Xcode 


You can run your program from start to finish by going to: 
Product > Run 


Xcode also has 
Shortcuts [] 


Window Help 


Debug Source f sntrol 


€ Xcode File Edit View Find Navigate Editor 


eee » W cs...o ) ES My Mac cs32 lecture2 de = © 
a E = 
FA =F QAd0HZzZA veg, cs32_lect Profile $61 10) c. main.cpp ) {fj main(int argc, 
Y [D cs32 lecture2 demo #include «iostrd Analyze TEB | 
Y  .cs32 lecture2 demo using namespace mom 
3 int main(int arg : 
PP int a = 10; Build For > 
P. Products Perform Action > 
Bud | 
cout << "The Clean TEK 
return 0; 
) 
Scheme » 
Destination » 


Create Bot... 


Debugging with Xcode 


You can also step through your program, one line at a time. 


Let's insert a breakpoint at line 3. 


#include <iostream> 
using namespace std; 
3 int main(int argc, const char * argv[]) {| 


TUPESeTT Just tap on the 
gray Space next 

int b= § * a + 4&2; to the 3 

cout << "The result is: " << b << endl; 

return 0; 


} 


Debugging with Xcode 


You can also step through your program, one line at a time. 


Let's insert a breakpoint at line 3. 


#include <iostream> 

using namespace std; 
BEP int main(int argc, const char x argv[]) { 
int a = 10; 


The blue arrow on line 3 
Shows that our breakpoint is 
active. 


int b = 5 * a + 42; 


If we click on the 
breakpoint again, we 
deactivate it, but Xcode 
remembers that we had a 
breakpoint there and will 
let us turn it back on. 
Neat! 


cout «« "The result is: " «« b «« endl; 
return 0; 


} 


#include <iostream> 

using namespace std; 

int main(int argc, const char * argv[]1) { 
int a = 10: 


int b = 65 k a+ 42: 


cout << "The result is: " << b << endl; 
return 0; 


Debugging with Xcode 


Because we set a breakpoint at main(), we can debug 1 line ata 


EB m aA zoo B B 
f v Mi cs32_lecture2_demo PID 19140 (2) (i) 
Th | S (m) cpu 0% 
screenshot to ED Memory 5.3 mB 
th e ri g ht L7? Energy Impact Zero 
E) Disk Zero KB/s 
S h OW S W h a t @ Network Zero KB/s 


v @ Thread 1 Queue: com.a...thread (serial) 


an Xcode 


i p -< Omain 
debugging E 
session looks EO) mosas 


like. 


The left pane 
is showing 
resource 
usage. 


The right 
pane is the 
code being 
run. 


< 5 cs32 lecture2 demo ) M cs32 lecture2 demo 


c+ main.cpp ) FF| main(int argc, const char * argv[]) 


#include <iostream> 
using namespace std; 


ED int main(int argc, const char x argv[]) { 
int a = 10; 


int b = 5 * a + 42; 


cout << "The result 


return 0; 
} 
yo m D 2^ 
argc - 1 
argv - 
ma- 0 
Bb- [e 
Auto > 


Thread 1: breakpoint 1.1 


jat © << b condi; 


Xcode has stopped 
execution right after 
entering main(). 


The green-highlighted line 
is the line of code that's 
ABOUT to execute. 


& 2 th $99 « WNcs32|lecture2 demo ) (i) Thread 1 O main 
(11db) 
r **) Ox7ffeefbff5bO 
All Output > = Tl ED 


Debugging with Xcode 


Because we set a breakpoint at main(), we can debug 1 line ata 


E mM zz QA Oo HZ o G E84 5 cs32 lecture2 demo ) | ^ cs32 lecture2 demo ) c. main.cpp ) [F] main(int argc, const char * argv[]) 
v lll cs32 lecture2 demo PID 19120 © @ #include <iostream> 
using namespace std; 
@ cpu 0% ED int main(int argc, const char x argv[]) { 
int a - 10; Thread 1: breakpoint 1.1 
(23 Memory 5.3 MB 
: int b= 5 * a + 42; 
[>> Energy Impact Zero 
B Disk Zero KB/s cout << "The result is: " << b << endl; 
return 0; 
@ Network Zero KB/s } 
v @ Thread 1 Queue: com.a...thread (serial) 
|] < 0 main 


1 start 


This window is our debug 

output. As we run cout 
statements, we'll see that 
output in this window. 


Our variable “watcher” 
has also indicated values 
for a and b. 


The a and b variables 
appear to be initialized, 
but in C++ you can't 
depend upon that to be 
the case. Always assume 


Note: "Ildb" is Xcode's 
command-line debugger. 
Ignore it for now. 


[] m D 2 x $ dh $9 <  Wics32lecture2 demo ) ( Thread 1 


PIES vieles. cre cDo— oa 
uninitialized. Eran 


S All Output Da m | | 


Debugging with Xcode 


Let’s run the current line of code. 


EA 


] x 


mot 


v ll cs32 lecture2 demo PID 19140 © (i) 


CPU 0% 
(Z3 Memory 5.3 MB 
1 

[> Energy Impact Zero 
o Disk Zero KB/s 
@ Network Zero KB/s 


v @ Thread 1 Queue: com.a...thread (serial) 


bo .. Omain 


1 start 
> (I) Thread 2 
> (|) Thread 3 


S Tae 


D 

Ba < 
#include <iostream> 
using namespace std; 


| 3 int main(int argc, const char x argv[]) { 
int a = 10; 


D cs32 lecture2 demo ) | ^ cs32 lecture2 demo ) c- main.cpp ) FF| main(int argc, const char * argv[]) 


Thread 1: breakpoint 1.1 


int b = 5 * a + 42; 


cout << "The result is: " 


<< b << endl; 


: return 0; 
This is the “Step Over" 
button (more on that 
later). For now, just tap on 
that to run the current line 
of code. 
w m DD 2 ^ (p §0 <  WHcs32lecture2 demo ) (l) Thread 1 ) [fj O main 
argc - (int) 1 (11db) 
-a si st ) Ox7ffeefbff5bO 
[B b = (int) 0 
Auto ¢ All Output ¢ 9 i ON T 


Debugging with Xcode 


Let’s run the current line of code. 


E1 [Dg £2 Q /N OG 2 o GE < © cs32 lecture2 demo ) | cs32 lecture2 demo ) c. main.cpp ) FF] main(int argc, const char * argv[]) 
v lll cs32 lecture2 demo PID 19140 © (i) #include <iostream> 
using namespace std; 
CPU 0% ED int main(int argc, const char * argv[]) { 
int a = 10; 
(C3 Memory 5.3 MB 
u int b = 5 *a + 42; Thread 1: step over 
E Energy Impact Zero 
B Disk Zero KB/s cout << "The result is: " << b << endl; 
return 0; 
@ Network Zero KB/s } 


v @ Thread 1 Queue: com.a...thread (serial) 


^ n 


1 start 


Check this out! The value 
for a has changed because 
we just executed the line 
of code to set a's value. 


But b hasn't changed yet. 
Let's press the "Step 
Over" button again. 


£ dp $99 « WHÁcs32 lecture2 demo ) ([) Thread 1 ) [Fj 0 main 


(11db) 
**) Ox7ffeefbff5bO 


DRE) Auto? G All Output ¢ =) w OO 


Debugging with Xcode 


Let’s run the current line of code. 


Ej 5 zz Q A Oz vo GE < © cs32 lecture2 demo ) |^ cs32 lecture2 demo ) c. main.cpp ) EA] main(int argc, const char * argv[]) 
v ll cs32 lecture2 demo PID 19140 (2) (ii) #include <iostream> 
using namespace std; 
(mj CPU 0% ED int main(int argc, const char * argv[]) { 
int a = 10; 
(Z3 Memory 5.3 MB 
m int b = 5 * a + 42; 
E> Energy Impact Zero 
a Disk Zero KB/s cout «« "The result is: " «« b «« endl; — Thread 1: step over 
return ð; 
@ Network Zero KB/s } 


v @ Thread 1 Queue: com.a...thread (serial) 


Domain 


1 start 


> ([] Thread 2 


Now b has been updated, 
just as we expected! 


Tap on the “Step Over” 
button again to see the 
cout output. 


[] m Jb a X 2) So J | Mics32_lecture2_demo ) (]) Thread 1 ) P O main 


j argc = (int) 1 (11db) 
ar **) Ox7ffeefbff5bO 


©) a Ae Auto 2 (Ə All Output $ (Ə 


Debugging with Xcode 


Let’s run the current line of code. 


Eeka OQ A O m r Ha < © cs32_lecture2_demo ) M cs32 lecture2 demo ) c. main.cpp ) FA] main(int argc, const char * argv[]) 
v Ml cs32 lecture2 demo PID 19140 (2) (i) #include <iostream> 
using namespace std; 
CPU 0% QED int main(int argc, const char * argv[]) { 
int a = 10; 
C Memory 5.3 MB 
s int b 2 5 * a + 42; 
E> Energy Impact Zero 
B Disk Zero KB/s cout << "The result is: " << b << endl; 
return 0; - Thread 1: step over 
@ Network Zero KB/s } 


v M Thread 1 Queue: com.a...thread (serial) 


o E O main 


1 start 


> () Thread 2 


Notice that the debug 
output window now has the 
cout statement's result. 


BTW, this window can also 
be used for accepting user 


<] | Wl cs32 lecture2 demo @ Thread 1 ) [Fl] O main 


The result is: 92 
(11db) 


**) Ox7ffeefbff5b0 
a= 10 
b= 92 


C Tae Auto 2 = All Output 7 =) Viii ool 


Debugging with Xcode 


Let’s use the Watch window to add an expression. 


Right-Click 
anywhere in the 
Watch window. 


Now click on 
Add 


Expression... 


[v] B DD ^ 


ecture2 demo ) ([]) Thread 1 ) {Fj 0 main 
B argc = (int) 1 The result is: 92 
> ( argv = (const cl (11db) 
a = (int) 10 
b = (int) 92 s 
Add Expression... 
V Show Types 
Show Raw Values 
Auto > ROS All Output > © i | CIO 
[] > D 2 g 2 demo ) () Thread 1 ) PẸ 0 main 
QQ argc = (int) 1 esult is: 92 
> [X argv = (const char **) ) 
a = (int) 10 
b = (int) 92 z 
Add Expression... 
V Show Types 


Show Raw Values 
Sort By 


Auto > 


itput > G 


Debugging with Xcode 


Add an expression to watch 


Then type in a variable 
name or expression to 
watch. 


EAE] Auto 4 | © © 


@ 


Debugging with Xcode 


Add an expression to watch 


[p] e be aA Li 2/0 o <4 |Wcso2 


arge = (int) 1 

b argv - (const char **) Ox7ffeefbff5bO 
a - (int) 10 
b = (int) 92 


IE! b*a + 5 = (int) 925 


And Xcode will display the 
value of your variable or 
expression in the "watch" 
window! 


Auto $ | © © © 


Debugging with Xcode 


Let’s revisit the “Step Over” 
button. Note the other button 
right next to it. 


This is the “Step 
Over” button 
(the button we 

have been using 

SO far). 


| "Step Over” and "Step 
to" buttons do slightly 

‘rent things. Let's see an 
example. 


This is the “Step 
Into" button. 


Debugging with Xcode 


Za AO Z= D ØJ < © cs32_lecture2_demo ) M cs32 lecture2 demo ) c. main.cpp ) FF] main(int argc, const char * argv[]) 
Y Ml cs32_lecture2_demo PID 25572 (2) (i) 1 #include <iostream> 
2 using namespace std; 
CPU 0% 3 
4 void foo() 
( Memory 5.8 MB 5 4 
m É CHEM = 6 int c = 10; 
a merey impa eno 7 cout << "c has a value of: " << c << endl; 
Disk 67MB/s | ? + 
m 9 
@ Network Zero KB/s ML int main(int argc, const char * argvt 
ith cat 
v @ Thread 1 Queue: com.a...thread (serial) 12 int a = 10; 
«51 1 start | 1s foot 
> Thread 2 16 cout << "a has a value of: " << a << endl; 
> M Thread 3 17 return 89; 
> () Thread 4 18 ) 


$90 <J  WHÜcs32 lecture2 demo ) (|) Thread 1 ) P| 0 main 


(11db) 


G m [E Auto > G All Output $ © w | O 


Debugging with Xcode 


EJ [] AQA A Oz co GER < © cs32 lecture2 demo ) = cs32 lecture2 demo ) c. main.cpp ) FA) main(int argc, const char * argv[]) 
v lll cs32 lecture2 demo PID 25834 (2) (i) #include <iostream> 
using namespace std; 
CPU 0% z h d h 
id eas Notice that Xcode ran the 
( Memory 5.3 MB { . 1 
m int © = 10; entire foo() function from 
E> Energy Impact Zero á 
cout «« "c has a value A i 
E Disk Zero KB/s } sta rt to fi nish aca 
@ Network Zero KB/s ER int main(int argc, const char * argv 
"1 t 
v (@ Thread 1 Queue: com.a...thread (serial) int a = 10; 
|. 0 main 
—— start foot); 
> (D Thread 2 cout << "a has a value of: " << a << endl; = Thread 1: step over 
Ls M Thread 3 return 0; 
> (]) Thread 4 


And now our cursor is on the 
line after the function call. 


v m bP ^ LX $ dy) $ FJ | Mics32_lecture2_demo ) Q) Thread 1 ) P] O main 


argc - (int) 1 c has a value of: 10 
> F argv = (const char **) Ox7ffeefbff5b0 (11db) 
Ba- int) 10 


il) 
lal 
Ej 
El 


Auto $ =) All Output 2 G w [LU 


Debugging with Xcode 


Se He Q A 5 co e$ (5) eR B cs32 lecture2 demo ) ^ cs32 lecture2 demo ) c. main.cpp ) FA] main(int argc, const char * argv[]) 
m m r n Y E cs32 lecture2 demo PID 25834 (2) (i #include <iostream> 
a using namespace std; 
@ CPU 096 
void foo() 
[2] Memory 5.3 MB 
e 44 u E i " 4 int c = 10; 
you | ep mee neta y impac ere. cout << "c has a value of: " << c << endl; 
” i E Disk Zero KB/s } 
Ove r wh | le O n a @ Network Zero KB/s [xn int main(int argc, const char x argv[]) 
dE 
a...thread (serial) int a - 10; 


function call line, peers 
Xcode will run the  .««— —— — 
entire function in — »«» ptem 
one step. You won't 
be able to trace 
line-by-line through 
it. 


So "Step Over" lets 
you quickly run a | 
line of code No 
without delving 
into the details.  . EXER uo: "HEP — 


[] E bP a LX $i) So <7 BMics32lecture2 demo ) ([) Thread 1 ) P 0 main 


alue of: 10 


c hasav 
**) Ox7ffeefbff5bO (11db) 


Debugging with Xcode 


Let’s restart the debugger and use the 
“Step Into” button instead of “Step 
Over”. 
Just tap on the 
Stop button to © 9 @ D> E] E cs..o ) Æ@ My Mac Running cs32_lecture2_demo : c 
stop the current FS = Q A Stop the running scheme or application | 0532 lecture2_demo ) 
debugging session. 


Then tap on the eee ». MB cs..0 ) E23 MyMac Finished running cs32_lecture2_ 
Run button to re- 


build and run the 
code. 


[x] 13 © Build and then run the current scheme DÈ cs32 lecture2 demo 


Debugging with Xcode 


Za AO Z= D ØJ < © cs32_lecture2_demo ) M cs32 lecture2 demo ) c. main.cpp ) FF] main(int argc, const char * argv[]) 
Y Ml cs32_lecture2_demo PID 25572 (2) (i) 1 #include <iostream> 
2 using namespace std; 
CPU 0% 3 
4 void foo() 
( Memory 5.8 MB 5 4 
m É CHEM = 6 int c = 10; 
a merey impa eno 7 cout << "c has a value of: " << c << endl; 
Disk 67MB/s | ? + 
m 9 
@ Network Zero KB/s ML int main(int argc, const char * argvt 
ith cat 
v @ Thread 1 Queue: com.a...thread (serial) 12 int a = 10; 
«51 1 start | 1s foot 
> Thread 2 16 cout << "a has a value of: " << a << endl; 
> M Thread 3 17 return 89; 
> (]) Thread 4 18 ) 


[] wea L t$ d) 89 < |W cs32lecture2 demo ) (]) Thread 1 ) P] 0 main 


(S arge = (int) 1 (11db) 


© m [E Auto $ G All Output 2 G w | O 


Debugging with Xcode 


E BR] za OG ^08: o ®t X 


#include <iostream> 
using namespace std; 


v Ml cs32_lecture2_demo PID 26005 (2) (ii) 


CPU 095 


[| Memory 5.3 MB 
" 
[> Energy Impact Zero 
Disk Zero KB/s 
@ Network Zero KB/s 
v @ Thread 1 Queue: com.a...thread (serial) 
P a O foo() 
PI 1 main 
2 start 
> ([) Thread 2 
> () Thread 3 
> M) Thread 4 


guy! 


a button. 


5 cs32 lecture2 demo ) || cs32 lecture2 demo ) c. main.cpp main(int argc, const char * argv[]) 


void foo() 


He C= Lor = Thread 1: step in 


<< "c has a value of: " << c << endl; 
} 
int main(int const char x argv[]) 
"n k 


If you ever want to stop 
debugging line-by-line and 
just let your program run 
normally, then tap on this 


This is the “Continue” 


int a = 10; 


foo(); 


cout «« "a has a value 
return 0; 


Notice our debug cursor 
has moved into the foo() 
function. Now we trace 
through its code too (by 
hitting "Step Over" or "Step 
Into”)... 


a X td) S « | W cs32lecture2_ demo ) @) Thread 1 ) P 0 foo() 


Debugging with Xcode 


Quick note on 


breakpoints: ED int main(int argc, const char x argv[]) 
{ 

We already used fool); 

breakpoints in our 16 for (int i-0; i«1000000; i++) 


{ 


debugging 
examples, but 
there’s 1 case where 
you really want to 
use them. 


cout << "I'm wasting my time debugging a for loop" << endl; 


} 


double z = cos(10.0) / atan(20.0); 


'z has a value of: " << z << endl; 
return b 


What if | want to start 
debugging at this line? 


Do | really need to step 
through this for loop?! That 
would take years!!!! 


Debugging with Xcode 


Debugging with Xcode 


Just adda 
breakpoint! 


After pressing 
Run, Xcode 
will stop at 
that line... 


1 


int main(int argc, const char * argv[]) 


1 


foo(); 


for (int i20; i«1000000; i++) 


{ 


cout << "I'm wasting my time debugging a for loop" << endl; 


} 


double z = cos(10.0) / atan(20.0); 


cout << "z has a value of: " << z << endl; 
return 90; 


foo(); 


for (int i-0; i«1000000; i++) 
1 


} 


After printing out a million of 
these lines [] 


int main(int argc, const char x argv[]) 


cout << "I'm wasting my time debugging a for loop" << endl; 


double z = cos(10.0) / atan(20.0); 


cout «« "z has a value of: " 
return 0; 


<< z << endl; 


= Thread 1: breakpoint 1.1 


Debugging 


Learn how to use the debugger! 


It can drastically speed up the 
programming process! 


and more time 
doing the things 
you love! 


Ne 


Which means 
less frustration 


Topic #1: Include Etiquette 


A. Never include a CPP file in another .CPP or .H file. 


filel.c 


You'll get linker 
errors. 


Only include .H files 
within a .CPP file. 


Topic #1: Include Etiquette 


3. Never put a “using namespace” command in a header file 
So this is bad... 
someHeader:h 


This is called 
"Namespace Pollution" 


Why? The .H file is 
forcing CPP files that 
include it to use its 
namespace. 


And that's just selfish. 


hello.cpp 


Instead, just move the 
"using" commands into your 
C++ files. 


class Alcohol | l 
{ And in fact, this works right 


ee now, because student.h 
) ... does include alcohol.h. 
student.h 


#include "aédbhól.h" ' 
class Student 


{ 


Now your main.cpp file will compile 
correctly regardless of what’s contained 
in the other header files it uses! 


private: ATVVa y 0 - 
header files you need RIGHT 
where you need them. 


nth” In this case, main.cpp has a 
ol.h" Student variable and an 

int main() ( , Alcohol variable. So it should 

include both of their header 


{ 
Student Larry; 
Alcohol vodka;^ 


) 


IODIC #2. FFeEPrOCeSSOr 


Directives 
C++ has several special commands which you sometimes 
need in your programs. 


Command 1: #define 


You can use the #define command to define new constants: 


You can also use #define to define a new constant without 
specifying a value! Why you ask? We'll see! 


Preprocessor Directives 


Command 2: #ifdef and #endif 


You can use the #ifdef command to 


been defined already... 


The compiler 
only compiles the code 
between the 
#ifdef and the #endif 
if the constant was defined. 


file. 


"ha 


void someFunc() 


cout «« PI; 


K. 


Preprocessor Directives 


Command 2: #ifndef and #endif 


You can use the #ifndef command toa has 


NOT been defined already... 


The compiler 
only compiles the code 
between the 
#ifndef and the #endif 
if the constant was NOT 
defined. 


file. JI 


/* 


void someFunc() 


cout «« PI; 


K. 


,'eparate Compilation 
student.h 


calc.h 
class Calculator 


{ 
public: 


int compute( ); { 
+ putet public: 


oe void study(); 


Can anyone 
#include “calc.h” see what the 
problem is? 


class Student 


calc.cpp private: 
#include "calc.h" Calculator myCalc; 
}; 


int Calculator:: computed), 


t e #include "student.h" 
) 


main.cpp 


#include "student.h" 
#include "calc.h" 


l int main() 
void Student: :study() { 


{ Student grace; 
cout << myCalc.compute()| Calculator hp; 
} , 


"SIR 


isemarataipao) see! 


grace.study(); 
hp.compute(); 


,eparate Compilation mam 
| sinclude "student.h" 
#include "calc.h" 
int main() 
{ 
Student grace; 
Calculator hp; 


So what’s the problem? 


Well, since main.cpp and student.h 

poth included calc.h, we ended up wi 

two definitions of Calculator! That’s 
bad! 


This can result in a compiler error! 


grace.study(); 
hp.compute(); 


So how do we fix it, you ask? 


Here’s how... 


,eparate Ca 


Now, when the 
compiler compiles 
this code, it will 
ignore the 
redefined 
definitions! 


CommpihtNT H has 
been defined! 


CALC H has been 
defined! 


class Calculator 
1 


public: 
void compute(); 


class Student 


1 
public: 

void study() 
private: 

Calculator myCalc; 


- 


Compiler: Ok, | just 
finished with the 
#ifndef CALC H 

block of code... 


int main() 


Student grace; 
Calculator hp; 


grace.study(); 
hp.compute(); 


alcohol.h Last Topic: Knowing 


class Alcohol WHEN to Include .H 

untae, Files 

7 void drink() { cout << "glug!"; } You might think that 
EXPE any time you refer to a 


#include "alcohol.h" 


class Student 
{ 

public: 

void beIrresponsible(); 


private: 
Alcohol *myBottle; 
}; 


Last Topic: Knowing 
class FirstClass WHEN to Include .H 


{ . 
public: Files 


void someFunc() 1 ... 
ys Here are the rules... 


B.h You must include the header 
#include "A.h" 


class SecondClass 


Why? Because C++ needs to 
know the class's details in order 
to define actual variables with 
it or to let you call methods 


{ 
public: 
void otherFunc() 


{ 
FirstClass y; 


FirstClass b[10]; 


y.someFunc(); 
return(y); 


2, qc ta less IMB IAR any 


way (call a method on it, 


} return it, etc). 


private: 


FirstClass x; 
FirstClass a[10]; On the other hand... 


) 


A.h Last Topic: Knowing 
EN to Include .H 
Files 


This line tells C++ that your 
class exists, but doesn't 
actuall 


of the 
5, but 


Since none of this code E LII, 
uses the "guts" of the class (as 
the code did on the previous 
slide), this is a C++ needs to 


define a 
nction, OR 


class FirstClass: 
aoe SecondClass 


T 
void goober(FirstClass p1); 
FirstClass hoober(int a); 
void joober(FirstClass &p1); 
void koober(FirstClass *p1); 


void loober() 


return type for a func, OR 


3. Use the class to define a 
pointer or reference variable 


Then you DON'T need 


to include the class's .H file. 
(You may do so, but you don't need to) 


FirstClass *ptr; 
} 


private: 
FirstClass *ptrl, *z[10]; 


Instead, all you need to do is 
give C++ a hint that your class 
exists (and is defined 


Here' Sho d that: 


Class FirstClass 


{ 

publi¢: thousands of lines 
VóidtbomeBuds (9f {lines} 

u 


#include "A.h" // really slow! 


class SecondClass 


{ 
public: 


private: 


}; 


1. 


Last Topic: Knowing 
WHEN to Include .H 
Files 


Wow - so confusing! 


Why not just always use 
#include to avoid the 


confusion? 
There are two reasons: 


If a .h file is large 


(thousands 


€olh 


to 


of lines), including it when 
you don't strictly need to 


Pane down your 
legses refer to each 


ot is and both classes try 


#include the other's .H file, 
you'll get a compile error. 


Students and Classrooms 


Every student knows what class he/she is in... 


Every class has a roster of its students... 


Math 31b 


i | 
| IG 
SOE A 


NEE = NN 
` * N [Ta 


These type of cyclical relationships cause #include problems! 


Last Topic: Self-referential Classes 


Student.h 
#include “ClassRoom.h” #include “Student.h” 


class Student class ClassRoom 
{ { 
public: public: 


private: 


private 


vate: 
ClassRoom *m_myRoom; Student m studs[100]; 


Student.cpp ClassRoom.cpp 
#include "Student.h" #include "ClassRoom.h" 


void Student: :printMyClassRoom( ) void ClassRoom::printRoster() 


i 
cout ««"I'm in Boelter #” << for (int 1=0;1<100; i++) 
m myRoom-»getRmNum(); cout << m studs[1].getName(); 


} 


Last Topic: Self-referential Classes 


main.cpp 
#include "Student.h" 


Student.h 


#include "ClassRoom.h" 


The compiler will keep 


(oh, and adding Include Guards 
doesn't solve the underlying 
problem either!) 


public: 


private: 
Student m_studs[100]; 


So how do we solve this cyclical nightmare? 


Step #1: 
Look at the two class definitions in your .h files. At least one of 
them should NOT need the full #include. 


Whi| This class JUST defines a pointer 
to a ClassRoom. It does NOT hold 
a full ClassRoom variable and 
therefore doesn’t require the full 


class definition here!!! 


This class defines actual 
Student variables... It 
therefore requires the full 
class definition to work! 


Stude 


Zinclude "C : #include "Student.h" 


class Stude class ClassRoom 
( ME 
public: public: 


rivate: private: 
i ClassRoom *m myRoom; Student m studs[100]; 
}; E }; 


So how do we solve this cyclical nightmare? 


Step #2: 
Take the class that does NOT require the full #include 
(forget the other one) and update its header file: 


Replace the #include "XXXX.h" statement 
with the following: class YYY; 
Where YYY is the other class name (e.g., ClassRoom). 


he Compiler says: 


The Compiler replies: 


“Wanna play nasty? Ok. 
Here are 9000 SYNTAX ERRORS 


for you to deal with!” 


private: 
ClassRot 
}; 


uu NW 5 
So how q Pree RIT cyclical nightmare: 


class declaration; 
line to give the 
compiler a heads-up. 


Step #3: 
Almost done. Now update 
the CPP file for this class by 
#including the other header 


NI y. 
Since this .H file JUST has a y 
pointer to a ClassRoom (but no 
code in this file that uses or compiler 


defines a full ClassRoom variable) 


he Compiler says: 


, how I can see the full 
an of what a ClassRoom 


Theyeommulecdaywappy as 
long as you #include the 


BC 5 Ait Beam) 


void Student: :print 
i 


m ee AITO 


in your functions 


So how do we solve this cyclical nightmare? 


The Compiler says: 


#4: 
Sure that your 
ave any other 


Hey! Wait a second, you’re 
calling the getRmNumY( ) 


Student.h 


lass ClassRoom; 


function but you haven't ctions that 
class Student defined the full class. No WAY! hAclude vs class 
{ Fix it or DIE! «es. 


public: 
void lisüUinecxeoa8tY)f 
cout << m_myRoom->getRmNum() << 
private: 
ClassRoom *m_myRoom; 


^ sucks!”: } 


ined one or 
DIRECTLY in 


}; The Compiler says: 


Student.cop Alright. That’s better. eda 
Zinclude "Student.h" ; ; 
#Hinclude "ClassRoom.h" Don't let it happen again. y, then you 


VOV 


mus em to the CPP 
void Student: :beObnoxiou 


cout << m_myRoom->getRmNum() << “ sucks!"; } file. 


So how do we solve this cyclical nightmare? 


Now let’s look at both of our classes... Notice, we no 
longer have a cyclical reference! Woohoo! 


Student.h ClassRoom.h 


lass ClassRoom; #include "Student.h" 


class Student 


{ 
public: 


class ClassRoom 


{ 
public: 


private: 
ClassRoom *m_myRoom; 


}; 


private: 
Student m studs[100]; 


}; 


Student.cpp ClassRoom.cpp 


#include “Student.h” #include “ClassRoom.h” 
#include "ClassRoom.h" 
void Student: :printMyClassRoom( ) void ClassRoom::printRoster() 


{ 


cout <<“I’m in Boelter #” << for (int i=0;i<100; i++) 
m_myRoom->getRmNum( ) ; cout << m studs[1].getName(); 


} ) 


Default Arguments! 


void poop(string name, int numberOfWipes) So what do you 
l notice about the 
cout << name << “ just pooped.\n”; following code? 


cout << "They wiped ^" << numberOfWipes << 
^ times.\n”; 


(other than David 
really needs to 


wipe) 
l ! Right Most of the 
int main() time GB SN. wipe 


{ exactly twice! 


poop(“Phyllis”,2); 
poop(“Astro”,2); 
poop(“Sylvia”,2); Wouldn’t it be nice 


poop(“Carey”,3); if we -* si ify 
poop("David",0); 
poop(“Sergey”, 2); ing tiga 


poop(“Larry”,2); 


poop(“Devan”, 2); ed a 


Default Arguments! 


void poop(string name, int numberOfWipes: 2 


cout << name << “ just pooped. n"; 
cout << "They wiped “ << numberOfWipes << 
^ times.\n”; 


int main() 
{ 
— poop("Phyllis" Yy defaults to passing in 2 
poop("Astro" ); 
poop(“Sylvia” ); Note: We still need to 
poop(“Carey”,3); pass in the value any 
— poop(“David”,9); /Ngnoiree rad MEQUE 
poop(" Sergey" 
poop ("^Larry" 
poop ( “Devan” 


We can! 
Let’s see how! 


C++ lets you 
specify 
a default value for 
a parameter... 


like this... 
Now, when you call 


the function, you 

can leave out the 

parameter if you 
just want the 


default... 
and C++ will 


automagically 
pass in that 
default value! 


Default Arguments! 


void fart(int Length 10, int volume 50) 
{ 
cout << “I just farted for “ << Length 
<< “ seconds, and it was" 
<< volume << ^" decibels Loud. \n” 


} 


int main() 

{ 

—fart(20,5):;: // long but not so loud 
—fart(5); // short violent burst! 
—fart(): // medium and pretty loud 
—fart(,30); // NOT ALLOWED 

} 


You can have more 
than one default 
parameter if you 
like, and C++ will 
figure out what to 

do! 
But you can’t do 
something like this! 


Why not? Good 
question - ask the 
C++ language 
designers. [] 


Default Arguments: One other thing 


If the j'^ parameter has a default value, then all of the 
following parameters (j+1 to n) must also have default 


// INVALID! Our 1st param is default, but 2"! and 3" aren't! 


// INVALID! Our first 2 params are default, but 3"! isn’t! 
bool burp(int length - 5, int loudness - 12, int pitch) 


// PERFECT! All parameters are default 
bool burp(int length - 5, int loudness - 5, int 

// PERFECT! ALL default parameters come after non-defaults 
bool burp(int length, int loudness - 5, int pitch - 60) 


{ 


s 


Class Challenge 
RULES 


The class will split into left and 
right teams 
One student from each team 
will come up to the board 
Each student can either 
— write one new line of code to 
solve the problem OR 
— fix a single error in the code 
their teammates have already 
written 
Then the next two people come 
up, etc. 


The team that completes their 
program first wins! 


Team £1 Team #2 


Challenge #1 


Write a class called Quadratic which represents a 
second-order quadratic equation, e.g.: 4x?+3x+5 


When you construct a Quadratic object, you pass in the 
three coefficients (e.g., 4, 3, and 5) for the equation. 


The class also has an evaluate method which allows you 
pass in a value for x. The function will return the value 
of f(x). 


The class has a destructor which prints out "goodbye". 


Challenge #2 


Write a class called MathNerd which represents a 
math nerd. Every MathNerd has his own special 
quadratic equation! 


When you construct a MathNerd, he always wants you 
to specify the first two coefficients (for the x? and x) 
for his equation. 


The MathNerd has a getMyValue function which accepts 
a value for x and should return f(x) for the nerd’s QE. 


